INTRODUCTION {#s1}
============

Nodular regenerative hyperplasia (NRH) is one of the causes of noncirrhotic portal hypertension (NCPH) characterized by hepatic regenerative nodules with the absence of fibrotic tissue.^[@R1],[@R2]^ In previous autopsy studies, the incidence of NRH ranged between 0.72% and 2.6%.^[@R3],[@R4]^ NRH appears to be adaptive hyperplasia of the hepatocytes in response to physiological or mechanical damage.^[@R5]^ Histologically, NRH is comprised of small nodules due to hepatocyte hypertrophy adjacent to atrophic, thin hepatocytes.^[@R5]^ Unlike cirrhosis, there are no areas of fibrosis seen between nodules. Patients with NRH are often asymptomatic, although they can present with clinical symptoms of portal hypertension such as hepatosplenomegaly, gastric variceal bleeding, and ascites.^[@R1]^ By contrast, liver nodules from focal nodular hyperplasia are benign hepatic tumors that often do not have any clinical significance.^[@R6]^ Histologically, focal nodular hyperplasia nodules are found to have malformed vessels and proliferation of small bile ducts.^[@R6]^ Immunosuppressive medications such as azathioprine have been associated with the development of NCPH in patients after kidney transplantation (KT) because of damage to the endothelial cells of hepatic veins.^[@R7]^ We present a series of 4 patients who developed NCPH due to NRH after KT, even without exposure to azathioprine.

CASE REPORT {#s2}
===========

Four male patients whose ages range from 34 to 69 years with stage V chronic kidney disease of varying etiologies developed new-onset ascites between 3 months and 4 years after undergoing KT. One patient received a kidney from an unrelated living donor. All 4 patients were initially started on tacrolimus and mycophenolate for immune suppression after KT, although one patient developed chronic diarrhea from mycophenolate and was switched to azathioprine. Peritoneal fluid analysis in all patients was notable for a serum-ascites albumin gradient \>1.1 consistent with portal hypertensive ascites. Workup for intrinsic liver disease including autoimmune, infiltrative, and infectious causes was unremarkable. Patients did not have any cardiac dysfunction. Abdominal imaging showed evidence of splenomegaly in all patients, with perisplenic varices and a recanalized periumbilical vein seen in one patient. Before KT, the 4 patients did not have imaging that assessed previous liver morphology or vascular abnormalities. Three patients had an elevated hepatic venous pressure gradient ranging from 13 to 17 mm Hg, and one patient had an hepatic venous pressure gradient of 8 mm Hg. Liver biopsies were notable for areas of nodular regeneration bounded by narrowed hepatocellular plates associated with pericentral sinusoidal dilatation. Perisinusoidal and portal fibrosis were noted; however, there were no fibrous septa around the nodules (Figure [1](#F1){ref-type="fig"}).

![(A) Liver biopsy of patient B showing widened hepatocellular plates alternating with atrophic, narrowed hepatocellular plates associated with pericentral sinusoidal dilatation (hematoxylin & eosin stain) and (B) the condensed reticulin network in the internodular parenchyma (reticulin stain).](ac9-6-e00257-g001){#F1}

All 4 patients were diagnosed with NCPH secondary to NRH. Patient A was initially managed with diuretics; however, he developed refractory ascites requiring frequent therapeutic paracentesis. He ultimately underwent transjugular intrahepatic portosystemic shunt (TIPS) placement with near resolution of ascites without further need for paracentesis. However, his kidney transplant failed because of tubular necrosis in the setting of the recurrent ascites. Patient B also underwent intermittent therapeutic paracentesis for management of his ascites. He stabilized on a diuretic regimen and continues to be managed conservatively. Patient C discontinued his azathioprine; however, he continued to have multiple hospitalizations for volume overload. He underwent the TIPS procedure that controlled his ascites. However, he died because of unclear etiology at home. Patient D also has ascites refractory to diuretics and is currently undergoing evaluation for TIPS placement. Patients B and D have preserved kidney graft function 33 and 11 months after KT; their immunosuppressants have not been changed throughout the course of their liver disease.

DISCUSSION {#s3}
==========

NRH has been associated with exposure to immunosuppressants, chemotherapy, and antiviral drugs.^[@R7]--[@R9]^ There have been documented cases of NCPH developing after KT, almost exclusively in the setting of chronic azathioprine use. In some of those cases, cessation of azathioprine led to improvement and sometimes reversal of NCPH.^[@R10]^ Development of NRH has also been described after liver transplantation, often times without azathioprine exposure.^[@R11]^ Our case series describes the development of NCPH secondary to NRH in 4 patients who underwent KT, 3 of whom did not have exposure to azathioprine. This suggests an alternate pathophysiology responsible for the development of NRH in this patient population, which has been noted before, but the cause remains unclear.^[@R12]^ There have not been any reported cases of development of NRH in association with tacrolimus or mycophenolate, which were the immunosuppressants that were used in these 4 patients. Of note, all the patients described were male, liver synthetic function was preserved, and all patients had functioning allograft at first diagnosis of ascites. All the cases described were initially managed with diuretics and therapeutic paracentesis. However, 3 patients needed TIPS.

To summarize, NRH causing NCPH is an essential clinical entity that needs to be considered in post-KT patients presenting with portal hypertension regardless of choice of immunosuppressive therapy. Although NCPH may be successfully managed with diuretics or portal decompression, it carries significant patient morbidity. Diagnosis may be delayed and wrongly interpreted as cirrhosis, where management can differ. Our case demonstrates that clinicians must maintain a high level of suspicion for NCPH and NRH in noncirrhotic patients with new-onset ascites after renal transplantation.

Further work remains to elucidate the potential causes and risk factors for the occurrence of NCPH in patients after KT.
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